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This study focuses on the evaluation of the natural radioactivity levels in ten samples of
the detergent powders that available in Iraqi markets. We have determined the specific
activities of uranium, thorium and potassium using gamma spectroscopy and calculation
of radiation hazard indices. The results of the activities of radionuclides (238U, 232Th, 40K)
for detergent powders samples, are found that the 238U specific activities were varied from
(11.489 ± 2.089) Bq/kg to (36.062 ± 2.478) Bq/kg, while the 232th specific activities were varied
from (1.411 ± 0.609) Bq/kg to (9.272 ± 1.642) Bq/kg and 40K were varied from (8.189 ± 2.339)
Bq/kg to (91.888 ± 4.164) Bq/kg. These values are always lower than those of raw materials,
what is explained by the conservation of radioactive material throughout the
manufacturing process. The radium equivalent activity Raeq, the external hazard index Hex
and the internal hazard index Hin dose due to natural radioactivity estimated below the
regulatory standard recommended which are (370 Bq/kg, 1 and 1) according to OECD 1979
and ICRP 2000, allows us to show that Detergent powders samples products are not
contaminated by radioactivity, are healthy and do not have harmful radiological impact on
the consumer.
Copyright © 2014, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. All rights reserved.1. Introduction
Detergents play an important role in the daily life and are
considered as a helping factor to maintain health, house and
clothes cleaning and keeping a healthy environment by get-
ting controlling dirt, germs and so on (Spitz, 2004).
Today's detergents are composed of several materials with
different rates; these are: Active matter, Phosphates/Zeolites,fa.edu.iq, aliabojassem@
gyptian Society of Radiat
iety of Radiation SciencesSoddash, Sodium silicate Sodium Sulphate, Sodium Chloride,
Clay and Moisture (Ho Tan Taıˆ & Nardello-Rataj, 2008; Myers,
2006).
Detergents are as all the other industrial products consist
of the elementary materials. So, it is important to be familiar
with their natural radioactivity level through the radiant ele-
ments in their raw materials derived from the nature, ani-
mals, plants, metals, fossil fuel or oil (Michael and Showell,
2005). In addition, detergents are the first group thatyahoo.com (A.A. Abojassim).
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radiant elements which may be transferred to consumer of
products and it increased health impacts on the people.
The Iraqi market is considered an open one to all products
and there is no sufficient comprehensive study to identify the
levels the natural radio action levels in detergents in general.
Therefore, this study aimed to identify radio action level in
detergents to investigate the radiant pollution due to its direct
effect on human health. Among and most important of these
effects is cancer for which radio action is one of its factors.
This study aims to identify the action of radionuclides from
the natural families 238U, 232Th and 40K in detergent powders
(one type of Detergents) that are available in the Iraqi markets
then estimate their radiant effects by guessing the radiant
danger factors by using Gama spectroscopy.2. Materials and methods
2.1. Sampling and sample preparation
Ten detergent powders Samples were collected from different
local markets of Iraq from 5 different countries as shown in
Table 1.The sampleswere prepared for analysis by drying, and
keeping themmoisture-free by putting in an oven. To reach a
suitable homogeneity, the samples were electrically crushed,
using a micro mill. In order to get homogeneity, the samples
were sieved through of 0.8mmpore size diameter. All samples
were stored for about four week before counting, to allow
secular equilibrium to be attained between 222Rn and its
parent 226Ra in uranium chain (Nasim, Sabiha, & Tufail, 2012).2.2. Instrument and calibration
Radioactivity measurements were performed by gamma ray
spectrometry as shown in Fig. 1 which consists of NaI(Tl) de-
tector the volume of crystal was (“3  3”) and multichannel
analyzer (4096 channel), desperation energy (FWHM) in the
peak 1.33 KeV for 60Co was 7%. The radioactive background
decreases for different radiations by using shield which
consist of two layers, first one of stainless steel with width
(10mm) and the second layer lead (30mm). Energy calibration
and efficiency calibration of gamma spectrometer were car-
ried out using (Co-60,Cs-137, Na-22) calibration sources in 1 LTable 1 e Types and made detergent powders samples.
No. Sample
code
Name of samples Made of samples
1 T1 China King
2 T2 Oro
3 T3 Orbit
4 T4 Turkey Superwazir
5 T5 Levans
6 T6 Iran Tara
7 T7 Delta
8 T8 Jordon Best
9 T9 Syria Sar
10 T10 Thailand Megamarinelli beaker covering the energy from 25 KeV to 2500 KeV.
The standard source put over the detector with a geometric
match exactly to the geometrical sample form and with same
distance between the sample and the detector.3. Calculation of activity
The samples were placed on the detector and measured for a
period of 18,000 s. To calculate the specific activity for each
sample, the net area under the corresponding peaks in the
energy spectrum was computed by subtracting count due to
background sources from the net area of a certain peak using
MAESTRO-32 data analysis package. The background spec-
trum measured by using Empty 1 L polyethylene plastic
Marinelli beakers on the detector and counting under the
same time for the sample measurements. Because of the poor
resolution of NaI(Tl) detector, at low gamma energies which
haven't well-separated photo-peaks, thus the measuring of
the activity concentrations is possible at a good separated
photo-peaks at high energies as that obtained in our results
from the gamma rays emitted by the progenies of 238U and
232Th which were in secular equilibrium with them while, 40K
was estimated directly by its gamma-line of 1460 keV. Hence
the specific activity of 238U were determined using the
gamma-lines 1765 keV (214Bi). The corresponding results of
232Th were determined using the gamma-ray lines 2614 keV
(208Tl).
The specific activity of each radionuclide is can be calcu-
lated using the following equation (Jose, Jorge, Cleomacio,
Sueldo, & Romilton, 2005):
Ac ¼ C BG
ε%Igtm
(1)
where Ac is the specific activity, C is the area under the photo
peaks, ε%: Percentage of energy efficiency. Ig is the percentage
of gamma-emission probability of the radionuclide under
consideration, t is counting time, m is mass of sample and BG
is background.4. Calculations of radiological parameters
Three different indices were calculated, i.e., the radium
equivalent activity, Raeq, the external hazard index Hex and
the internal hazard index Hin as following:4.1. Radium equivalent activity (Raeq)
In order to represent or evaluate the radiological hazards
associated with the three different radiations of 238U, 232Th
and 40K, a single quantity, a common operator called radium
equivalent activity (Raeq) was calculated. It empirical relation
defined by the equation below (Bereka & Mathew, 1985).
Raeq ¼ CU þ 1:43CTh þ 0:077CK (2)
where CU, CTh and CK are the specific activities of Uranium,
Thorium and potassium respectively. While defining Raeq
activity it is assumed that 10 Bq/kg of 238U, 7 Bq/kg of 232Th and
Fig. 1 e (left) Experimental set-up, (right) set-up block diagram.
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maximum value of Raeq must be less than the acceptable safe
limit of 370 Bq/kg (OECD, 1979).
4.2. External hazard index (Hex)
In terms of dose, the principal primordial radionuclides are
238U, 232Th, and 40K of radionuclides that produce significant
human exposure. The external hazard index is given by:
(Veiga et al., 2006):
Hex ¼ 1370CRa þ
1
259
CTh þ 14810CK (3)
where CRa, CTh and CK are the radioactivity concentrations in
Bq/Kg of 238U, 232Th and 40K respectively. The value of this
index must be less than unity for negligible radiation hazard
(Bereka & Mathew, 1985).
4.3. Internal hazard index (Hin)
The internal hazard index (Hin) is given as (Bereka & Mathew,
1985).
Hin ¼ 1185CRa þ
1
259
CTh þ 14810CK (4)
Hin should be less than unity for the radiation hazard to be
negligible. Internal exposure to radon are very hazardous this




Specific activity in (Bq/Kg)
238U 232Th 40K
T1 21.478 ± 2.513 7.207 ± 0.646 89.827 ± 3.838
T2 22.193 ± 2.838 9.272 ± 1.642 20.666 ± 3.612
T3 22.853 ± 2.296 5.534 ± 0.635 44.634 ± 3.858
T4 24.821 ± 2.308 2.384 ± 0.489 25.214 ± 3.879
T5 11.489 ± 2.089 4.835 ± 0.643 8.189 ± 2.339
T6 36.062 ± 2.478 3.961 ± 0.3506 91.888 ± 4.164
T7 29.142 ± 3.916 3.589 ± 0.371 69.493 ± 3.509
T8 13.774 ± 1.157 6.123 ± 0.654 29.300 ± 2.204
T9 21.652 ± 2.830 2.325 ± 0.223 60.707 ± 4.755
T10 19.951 ± 3.0617 1.411 ± 0.609 16.505 ± 2.666
Average 22.342 ± 6.984 4.664 ± 2.438 45.642 ± 30.6375. Results and discussion
Themeasured specific activities of 238U, 232Th and 40K detected
in the samples of detergent powders were summarized in
Table 2. It can be noticed that the 238U activity concentrations
detected in most of samples vary between (11.489 ± 2.089) Bq/
kg to (36.062 ± 2.478) Bq/kg with an average value of
(22.342 ± 6.984) Bq/kg, for 232Th the measured specific activity
ranged from (1.411 ± 0.609) Bq/kg to (9.272 ± 1.642) Bq/kg with
an average value of (4.664 ± 2.438) Bq/kg and for 40K from
(8.189 ± 2.339) Bq/kg to (91.888 ± 4.164) Bq/kg with an average
value of (45.642 ± 30.637) Bq/kg. The highest activity concen-
tration for 238U was observed in T6 (Tara sample) (made in
Iran) which is higher than the recommended limit (32 Bq/kg)
reported by UNSCEAR (2008), but other samples were lower
than recommended limit. The highest activity concentration
for 232Th and 40K were observed in T2 (Oro sample) (made in
China) and T6 (Tara sample) (made in Iran) respectively, which
weremuch lower than the recommended limit (45 and 412 Bq/
kg) for 232Th and 40k respectively, reported by UNSCEAR (2008).
The calculated Radium equivalent activities values for the
detergent powders samples are shown in Fig. 2 which was
calculated by Eq. (2). In all the samples, the Raeq values vary
from (19.034) Bq/kg to (48.802) Bq/kg with an average of
(32.526 ± 8.936) Bq/kg. It is observed that the Raeq values for all
the studied samples are lower than the recommended
maximum value of 370 Bq/kg (OECD, 1979). Thus, theseFig. 2 e Radium equivalent activity in detergent powders
samples.
Fig. 3 e The external hazard index in detergent powders
samples.
Fig. 4 e The internal hazard index in detergent powders
samples.
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used as detergent powders samples.
The external hazard indexwas calculated using Eq. (3). The
values of external hazard index for all the samples as shown
in Fig. 3 vary from (0.051) to (0.132) with an average of
(0.088 ± 0.024). These values are lower than the acceptable
value of unity (ICRP, 2000). The internal exposure to 222Rn and
its radioactive progeny is controlled by the internal hazard
index (Hin) which is given by Eq. (4). The values of internal
hazard index for all the samples as shown in Fig. 4 vary from
(0.082) to (0.229) with an average of (0.148 ± 0.041), therefore
the values of the internal hazard index are less than unity
(ICRP, 2000).6. Conclusions
In the present study activity concentrations of 238U, 232Th and
40K for detergent powders samples that available in Iraqimarkets have been evaluated. The values of activity concen-
trations all samples were lower than the maximum recom-
mended values (32, 45 and 412 Bq/kg) as in UNSCEAR, 2008.
Also, it is found the average of Radium equivalent activates
was determined to be lower than the recommended
maximum level of radium equivalent of 370 Bq/kg by OECD
1979 for all samples, while the averages for both the external
and internal hazard indices exceeded a unity, the limit rec-
ommended by ICRP, 2000.Acknowledgment
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